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5. In 801Mla~el' llOCIitteatlC1ft8 of" .... or t._ pl'eC ..... ,tIl. ooJ.our.t
(U- .0 prod.~ed e..re tutlle,. proteo •• d for 1~ ab,... lon ,...18t .
bf 8pra7inl With 8Ulc..te· .01'*1OM and bialled a' ' .... Htu... ~J .
tor ,to" ."at".
It baI allo "ell I'.~rt.d SDl1t.ratu .. t_'co1011l'11II ot .tUftl".
steel could be obt&1ne4lr .• Jd.Dc tbe .'a1Dl •••• teel artt.1 .. ..nor1tc
at • current .. ~lt7otO.06· .... Ja ~'M"o_ 801.1ob or ,.., •• 1_
conceat,.atecJ lulrurtc eel. ccnta1AJai 30 .. per lStN of ... _ ellclWO..-.
. . , ~
and -.tntain •• at 1O-9SO•• -Varlo\18.bad.. or -colour ranc1n1 tl'OII brown,
.\. 'bl_,,..U_,~ and green baye .,..,. reported •• ovenl', .t... "1.'
co1oul'8. co~14 not be obtain" tl"Oll these electl'o17t •••
I, bas al.o been r.ported tbat ~b. ahoY. 1'-' or colo'" cwlet ..
oIIta1aed bJ 1•• rsl. ot ~he ata1Dle.s .teell tor vary1DC ts.-I Ul"_
...... aol1rtiolla or S._ yol_ ot .altarlc a.c14and _. t2"""" ill
~r litre ot aodl1111 d1cbraate.
6. ".I. • sUbsequent lapl"....... t of the aboYe pl'oo.,. t 1t b"s b.en #e~.d
tM;~" the .1de tl1•• 0 produced ... t6 be nardenedt~r 111Pft),nd ....
-' -
..-l.t..c.br' catbod1ctreatMDt ot tbe colour.d stal"l •••• he1 .1~.•ebh. acld electrolTt. cOIlta1ning 2;0g/1 cr03 and 2 to ;111 yo...t~
1f,ldaut •• -,t -..000. The anode used :La leadandcurrentden.1ty 1•• .,. ..
2-'} .
, thod. are open" to the abjection that .. thOde 1 and 2 u•• a
~ha batb at b1Ib te.,eratureli and .aTeffeet tbe .tr.ngtb or the steel'.. ,
atll'l'... .. 41tt1.u1t to .cGlltrol tbe .bade. or colour. .
Ilethocla,.... •• colOur. or eli.rrerept shade. but are n~ ~urric1ent17
• I
:..... 1_ re'1\tant torcla7 tc? day application.
Ilfthod ..... WrT !lip current d.l'IS1t1 ••. 1n..olY~ blgb 1nv•• t!H~-·()n
.. ta1pIIlet. 'JartbU', t_ tl188 are not .bruton. reaU.s~ant.
lIet.~ S .... a ve~ 1011current denBity Wh1ch1. very critical ~
••• Nebel" e~t 4._1t1.8 40 not prodtIC. ~y colours.
InmEtthod 6, the cOlour 1s produced by 1-..r81<* :1n chromle-
•• lplDar1c acid aWttur~., at • te.,.rature 1o-wPe' and b1eden-rd In.
rtrtuall1'ohrOtld.t1. p1flt1,ng ~lect47t. at c.. ,..t densltl •• lGRrttaaD
r~uired r~r th& oneetor cbromiwn dep08i~10n. Cons1der1ng the peer" '
c.,..nt distribution of tbe cbromiumplating electrolrte, tae barden-.
1!'1 taa,. cause bur$1e1 at the corners and edges of tbe work.
Tbe ID81nollJect ortbe pres'ent invention' i8 to ob'f'iate tbfte dls •.
advantages and t,o lllPJ"O'Ye tbe un1tGl'1lttT of t~ shad.. of colour ...
al,o to shorten the t\1JDe of eoloul'1nghy 1_ers1on process tJSlne cbro
&01-4'Stilphurlc acid el;ectrolyte containing 'a aefinite q~al1t1tY of tri
'ls,lentci'brQlliUlio 1n,tbe colouring ·bath and subseqUentiT harden1fiC 1q .,.
chromic acid ~lectro~. in ~ich a definite a~URt ot trivalent ~
'- '" «
II.'1..tJIa Lon i8 prod*c~d brreduet10n 'with sue t1 reducing agents as
sele»ites and arsenites.
,.,-. .1D&1D finding underlying the invention is that co~our. ra.n.PD&
f1'OlD l1gb.tbro'Wn,~ky blue, v1:,01et.rose, light pink, dark P:lak, ,,...
'0"-, ght!nisb blue, green to lold~n yellow may be produced, b)"1r.~..
. . ~ .
..10ft~s.in a chrolDie acid 8ulph\lric· acid electrolyte containi.
suitable rdduc1ng agents to produce certain amountor trival.nt cbJto-iii. atld· .\I1table metallic salts to shorten the duration ~eol_1DI
ata liYen temper,ature 1rt the colo'U1"ingbatJ1 and .Ubseq.a.ntq .......
, ,
ina cttro&c- aci4 bath conta1n1q addition ag,entsto _ke tile ooloured
coatlng reslstant to abrasion.
A.ccordln&t~ the present invention, there ~8 pro~d a pf!'OC ••• '
for colour1ng nickel/chrome stainless steel art1cles c~.1ee.
po11ab:1nc, , degrea~ing and colouring in chrOll1c' acid ",4
•• 1pbur1c acid mtxtureb,y,imsersion of the article in .-iXture ot. .
chrOl!1.c acid ,and sulpb.-1cac1a containiAC' a 1llUa- taftleDt
chl'alt-. ions (Cr3+) of 10 g/1 and other ions with S al1 Buch as
Ui2f., cu2+, )lna.. as their sulphates and barden1ng the sa. bf
catbod:1ctreatment-. Nickel cbJ"QIIestainless steel nth g1'"e'atel"t.....
". cbrOll1u!ftmay 'be c010ured bf tbe invented process •
..,.
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. Thft-com"osit:!Cfl of th~ i~~rsionbath May be-in the limits-of 100-
7'l5-~/1 ()f cro3 and 60-4254111/1of sulphuric acid of spE-cifie e;l'svity 1.84
The temper3ture is maintained at any temper~re between 10°c and 9OP••
The telf>rance lim1t i8 ;!:1°c._
The' time of itllDersion ~y be in the range 6 lIin•• to as lIinS.-
The Cr3t 10ns may be_produced by the redu~tlon· of Cr6+ with reduc1nl
agents 'such as oxalic acid, ar.enous O%idfl,ascorbic acid and aotiua tht.-
sulphute.
Tbe colour so obtained on the work MY be har<1enedby tr .. t1nc tne ...-
as cathode in a bath contaln1ng.100-1'0 g!1 chromic acid, sOO1uaa.seDiW
. .
3 g!1 or s odiumselenite 10 g/1 and sodium meta silicate 10-20 g/1 at a
low current deniity of 1 to 2A/da2 at ·a.Oocf'or about 1G-2'·a1n._
ThUSstainless steel ptpels ar &rtlcles(such as outdoor ..,d 1Ddoor
... steel
build ing panel_, :;autollObile trillSand stainleBsLdomestic appl1~ance.,
p1cture fraaea, householdute~ils, watchstrapa, chains and such uoetd.-
tectural and decoratiYe applications) are colouredby i .. eralpn 1ft ~br~
acid sulphuric a~id electrolyte, in which. a fraction of the h~a .. lent o~
111_ baa, been reduced to triYalent ctirom1U11lby cheatcal reducing a•• nta
auch as axalic acid, arsenitea; selenitea, ascorbic acid, and allo contaln-
ing copper,D1t:kel, cobalt and/or rianaanese iOO8.The concentrations or
chrOCl1cacid can be waned within the lill1ts 100 g/1 to 11S 111 and or
sulpbur1c acid in the lia1ta 60 .1I1 to 42, ml/1 of eon~eDtrated ~ultUr1C
. .. .
acid or speC!1tic grant,. 1.fJlt.and lI&intai~ed in sucb a ratio that er03
H2SC\dOes not etcb -the stainless steel surfac~. Tae cODc.ntra~lG1lof
t:r1yalent chrOll1uacan be yar1e'd in the l1a1ts or 2 to 10 ga /Utre ...
addition of calculated quantit1ea 6f' the 'aboYeaa1d recluc1nc agents. 'the
\ Ireferab17 .
t"lIJ)erature can be be Yatied in the rang. of 60-90°0 t'ut -.1ntained at-.-
desired temperature the~taticalq the tolerllnCe Mine ! 1°c. 'fllett.
~~C~ .
of 18Ura1on is L trOll 3 to 85' a1nutes 'depending on the concentl"at1oa of
. - .
chrom.c acid, the temperatunt of treatment • the nature of the .uY;f~e, Y1z·
.. chan1cally_pol1Bhed .. etcPed or electropol1shed and the colour .'~.1re4.
Cupric ,Uftgane.e, nickel .. .--It 101Utare acN'M .. their 8ul-
·phate. the coMentration beinc within f IJ"M8 per lit,.. to pt'od6ce _it...
co1OUJ'. and shorten the trellt.-nt t18e. The colouNd .tainles •.• t"l.
articles is rinsed well 1n tIP w~t.r and then electrolJtiCal~ har4ehed
1n chromic acid ·.odiua meta .ilicate electroqte • Tbe concentration ot
cr03 can be varied troa 100 to 300 111 a fract10n of wbicb 1. -reduci?d
to trivalent chrold.ua by ar.enit .. , ot alkaline _tal., tbe concentration
ot 1Ib1chcan be varied frO. ~ to 10 g/1. ,Tbe sodi_ .eta .1l1cate eM-
oedtJ'at.iOa I 1. ftrled trOll 10 to 20 g/1. ttlle c olo ... d art1cle 1. _eN
tta. catbode and stainle ••• teel or lead 1. made the anod•• Tbe ttlip-
rat .... · !tot tile electrolTte could be varied trOll 30 to 10°c and a cath~
c...,..,.t den.11i7 or 1 "'cIII, to 2-a.. 1. lDa1nta1ftedfer a period or 1S to
20 IdDute••
The follOwing example. are given to U.lustrllte the invention an4
~' to l11B1t the .cope· of the invent ion.
kaJI,Ple 1
statil •• s st.el·(1e~e) sheets of size 6" x 3" were mechanicall7
polSabed to a bright tinish, de~re8sed With tr1cbl~roetb11eDe aDd were
cat.t:aoIlkal17 cleaned in bot alkaline cleanser conta1n1.D&.
Sodi_ carbonate 3S y1
Sodiue ~dralc1de 2S y1
Te.aperature 70°c
Anode Mild st.el
Curl"ent densit7 1S A/d.2
T1_ 1-2 lD1nute.

















It).· ,s.on of .. r/t oI • .uoeeS.d .. theft .








1S IdJuat.. Golden ,..llow
c) When7.S 111 or copper sUlphate vas lidded t.tile abOft •• W_,
piece. ot tbe' ..... taja1,e••• ' •• lvere coloured 1n tae 'l.s __ ~
3 a1mlte. Licht I""
, lI1Dute. Ye11ow1ab INI'
7.S lI1autes Llatlt ,ellow
10 lI1nut .. · Golden ,.el1oV
'fbe colo .... plate. "ere then bardened tn' the rollc"d..... leo'~- .

















One panel in each set or .lIJ)er1aents were rubbed v1&oroua17Wit·aria
beton bar4eI1nC treatment. The colour went aWl' 1e• .,1nc tbe bare .na1j
The otber hardened plat.a vere rubbed 'I180ro... __ With n. and .tbeOlcur '
~&I'not 10 "avaT.
11_1.2
~ue1.s. at •• l(,8:S) p:M:t.e.ver. pretreated .. 1n 111.1Nt....
oolOul'1n1 and bMrled int.e rotlov1nccolourlnc be' ••
• ) CbI'om.c &c14 2'0 al1'



















'bl An addition of 10 g/1 of ascrobic acid to an identic'al solution
wwa then made and pieces of the Same stainless steel were immersed in













WheI12 g!1 of nickel sulphate vas added t~ t he above .olution piecel ot
~he same stainless steel were eoloured in times pieces or the aa_ at.ifl













One panel in each of the above ezperiaeats were rubbed V1lor0U8~tbV1lt
. LeDed"
.Tbe c:oiour vent away le~Vingthe· bare _tal. fbe other plates "e,. baNt.

















The hardened plates )le.ethen vigorouslv rUbbed With via and the colOtU'
. I I "
did not go avq. Tbe hard.ened plates. were also polished vitti a ca11-oo
mopot 1; cm d~. on a polishing lathe. The colour was al,rasi81 re .... t ....
Ex_ple 3
~ta1nles8 steel panels of 7., cmx 2., em size were llech.an1cal1J"
poU.bed and buffed, electropol1shed in 8ulphuric acid·phospher1c acid-
I .
lactic acid electrolyte at 25 A/~2 at 60°c with lead as cathode an.t...























An addition of '5 g/1 of arsenous _ide to an identical solution "M
then made and pieces of the Samestainless steel were immersed in this















Wben It 111 of col*lt .Ulpbate va. added to t~ aboYe .o1IIU••
~oe. or the .a •• tainl .... te.l W.re ooloured in the ts.-.t.~ N1Mif,
!JII C91_
7.s.. lI1ftut ••







• \,-,...1 1Ia .ach or tbe "&bOY. _peri_t. Wer. rUbbed rt.... 11'......
*-.tIM 00lo1,\rw.nt av.,.l.~~:1ncthe bare _tai. fbe otb.r panela _I'.
:. ".J:'~
...... 4 in the electroqte giyen under b.1. The colour did not· 10
..,. UpOn rubbinl V1lozOouaqWitb na. Tbe bard.ned plat•• v a1ao
poUabect vith a Ca11Cf'." ..ot tS .. dia. on a poll.bW lat ~be oo1awr
v.. abruion r•• istant.
hampl. 4
Sta1nl •••• t••l pan.l. of aize 10 ell x 1S c.W .... _cbanical1l'
" .
))Qu ....... b\lft.d' de«reaaed and anodioall¥ etch.d, '.10 cUOlllc 1M




.,.... ratuN 7' + 100. .. ~
'M "ltote.r' o.~d &000.. 1111to tb!t 101M 1n41oate4 below •
.:.a. gAWur
"5' Idmat.. fatnt T.llow·
ItS atnat.. sky blue
" lI1nute. dark ~ue.., --,.. ,..1_" ....t.. dark ~...... .......
.,lt433~
An addition of 10 111 ot aodl.. aelenl'. to • identical __ •
w•• then .de and pieces ot the ..... ta1n1e,a at .. ,l were -.,... in
















Atutt ..... Udltlon ot S .l1.naane.. ,u1pbate va. ....d to tbe ~













one panel 1ft eacb ot tbe aboI'e .ptri_nt. vere rubbed Y1lor~.1I' 1(lttl" ••
tlM colouJ- wilt ava:r lea.lng the .tal. Tbe other panels veN barde" iD .
. . I. .
tbe eltlCtrolJ"t'e 11.en W'lder .. 2. The colour .dld not .,--.y.upOn .llOuroaq
rubb:1n&Witb ••
lbe tollovlDl' are alllODlthe M1n ad.antage. or the :l,mrent lOR I
. , ... .'
1) Ib1tI plOC... 1•• 1I1pl. to -operate and requl.... anq- con•• nttonal eqUlp-
. . . \ .
....t used ln _tal tlnl8hlog_
•
2) Coloured and bardftH .tatnle.a ateel ..,. be. aub3ected to conald.:rabl~
c:i,toNatton e•• dravlnl ,beadiDg etc. without d--Sins tbe co-loured ttla or
reducinc ata colour iotensity. Sla1lar17 ,UDColoured .teel which bJa.S been
aub3ected to torll1nl 'oJ)f'ratlons can be colouredatter torll1D&4t
21
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.3)Coloured designs and patterns can be printed onto stainless "eel
surface by .~ans of photographic techniques using photoresist ~hich are
resistant to the colouring and hardening solutions. With these techniques
1t 18 pos8ible to produce attractive combination or coloured d~Sign and
pattel'lla ••
This invention breadly consists ~ colouring the stainless steel
panels or articles by illlllersion in a chromic acid su1T,huric acid electroqte
ln which •• fraction of tile hexavalent chromiumhaa been reduced to trivalent
chrOll1u. by chetll1cal reducing agents such as c:.alic acld, arsenites, selenlte
uQorblc 8cld and also containing copper, nl~kel, cobalt. and/orMll8a.s.
ions. The concentration of chrOll1cacid can be varied V1thin the l1a1t. 100 •3" to 1'1'5 g/1 and of sulpbur1c acid (dtmsityt •ea.> in the limits 60 .1 11 to
4-2SalI1 end maintained in such a ratio tllat Cr03:H2S0lt does not .tcb the
stainless steel surtace. The·concentration of trival.nt chrOll1uacan be
•• r1ed in the Ua1ts or 2 to 10 g!1 by addition of calculated q4laDtltles
or the above said reducing agents. The tellp8rature~an be varied in the
MftIe or 60-98 e but Dinta1ned at a de.ired teaperature the!'llOstatical~
the tolerance beina ± tOe.• Tbe tl_ or 1_ra10n 1s from ,3 to 8'58in.
• •depen4in1 en the concentration of 1b1'Oll1c:' acid, the tellperar . ot treat-
_nt, the nature or tbe surface, n.MCban1eal~ pol1ahed , etotted or




1. A process for 80lou1'ing of Nickel chrome stainless steelartiele.
comprises polishing degreasing and colouring in chromic acid and
sulphur1c acid mixture by mmmersionof the article at a temperature
between 10 c and 90 c with tolerance limit being + 1 c Wherein-
the c010uring mixture contains trivalent chromiumions (01"3+)
2+ 2+ 2+ 2f"of 10 g/1 and other ions :; g!1 such as Ni Cu Co Mn
,res~nt 8,8 their salphates and hardening the same by cathod~c
treatment •
•2. Aprocess as Claimed in claim 1 wherein stainless steel article
r
with greater than ",. chromiumcontent is coloured.
3. A process as claimed in claim 1 or 2 whlrein the coryoSitioa of
i_rs1on bo.th is in the ll.Dl1ts of 100""?7, g/1 of or03 and
6o-Jt.2' .•1/1 or sUlpburic acid of specifie gravity 1.sa. .ins
1+. A process a8 claimed in any or the preceding claill8 wherein t_
time of immersion is in the range , IIl1ns to 8, !DinS.
6. A process as claimed in any of the preceding cla1U wheMin cz>"
10nsare produced by the reduction of Cr6+ with reducing agent.
auch as axalic acid. arsenous oxide, ascrobic acid and sodium
thi\ulphate.
J..
6. A process as clai .. d in any of the preceding claims wbeHiIa tbe
, .
cahur on the article ls hardene~ by treatmeht the· artl~le as
cathode in a bath containing 100-1;0 g/1 chrOmi(~acid. sodi ..
are",it. 3 8/101" sodium selenite 10 g!1 and sodlummeta .111cate
10-20 811 at a lOWcurrent density of 1 to 2AI,dm2at 40 e' to a
penod of 1; minutes preferably between 10 and 2S lI1nutes.
Dated tbis 18tb d.,. ot June, 1916
ed/-
I.M.S.Mault
. SCientist F ('Patents)
Council of ·Seieotit1c.', a
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